Summary. Rats maintained on a diet deficient in retinol and retinoic acid were given a diet containing retinoic acid for 21\p=n-\29 days after the start of weight loss. 
Introduction
Retinol (vitamin A) is necessary for normal growth and health of rats (Coward et al, 1969) . The systemic symptoms of retinol deficiency may be relieved by supplementing the diet with retinoic acid (retinol-deficient, retinoic-acid-maintained, or RD-RAM) (Howell et al, 1963) , but the testes remain underdeveloped. The regression of the seminiferous epithelium can be reversed by resupplementation with retinol (Huang & Hembree, 1979) .
The seminiferous epithelium of rats has a cycle consisting of 14 cellular associations or stages, which in control rats occur in a frequency related to the duration of each stage (Leblond & Clermont, 1952a) . Recently, it has proved possible to synchronize the epithelium in only a few sequential stages. Several groups have reported that such stage synchronization occurs in testes of rats that, after becoming retinol deficient, either without (Morales & Griswold, 1987; Bartlett et al, 1989 Bartlett et al, , 1990 or with (Huang et al, 1990; Beek & Meistrich, 1991) retinoic acid maintenance, were resupplemented with retinol.
Van Pelt & de Rooij (1990) and Ismael et al. (1990) have investigated the spermatogonial population in totally retinoid-deficient animals. Both studies found that the undifferentiated A spermatogonia were arrested and did not form differentiating A, spermatogonia, and concluded that the injection of retinol relieved this arrest, causing all A spermatogonia to start the series of mitoses as A, spermatogonia, resulting in stage synchronization of the testis. However, other studies have indicated the presence of differentiating spermatogonia in the seminiferous epithelium *Present address: Department of Environmental Toxicology, The University of California at Davis, Davis, CA 95616, USA. tReprint requests. of rats that, after becoming retinol-deficient, had been maintained on a retinoic acid-containing diet (Huang & Hembree, 1979; Unni et al, 1983; Huang et al, 1990) , and that stage synchrony can also be achieved in this situation (Huang et al, 1990; Beek & Meistrich, 1991 At 98 days of age, four rats were randomly selected from this group of nine rats and killed to study the RD-RAM seminiferous epithelium. The five remaining rats were injected with retinol and subsequently fed a diet enriched in retinol, according to the protocol of Morales & Griswold (1987) . Rats 1 and 3 of the present study had received diet RA10 for 21 days (RA-maintenance initiated at Day 77), while rats 2 and 4 had received diet RA10 for 29 days (RA-maintenance initiated at Day 69).
The five rats injected with retinol all showed stage synchronization. The results on these five rats have been described in another paper (van Beek & Meistrich, 1990) . The probability of choosing at random four rats that would not become synchronized out of a group of nine rats of which the remaining five rats did become synchronized is 0008, or less than 1%. We therefore conclude that the RD-RAM testes (Clermont & Leblond, 1953) (1971) . No further classification of type A spermatogonia was attempted.
In areas 5 mm apart in whole-mounted tubules, the number of cells per field was counted. In between each pair of these areas, nine fields were studied for mitoses. If there was more than one mitosis, it was ascertained whether they represented a clone of Apaired or Aangned spermatogonia. In each RD-RAM animal, cells were counted in 34 areas in whole-mounted tubules; mitotic figures were studied in a total of 340 fields.
Results
The testes of the RD-RAM rats weighed~0-6g; control rats of similar age had testes of~l -6g. The body weight of the deficient rats at 98 days of age was 277 ± 17g, less than that of controls of similar age. Figure 1 shows the growth of the four rats killed at 98 days of age that were on the RD-RAM diet. Growth curves of four rats used in the histological analysis of the effects on the testes of retinol deficiency with retinoic acid maintenance. The rats were maintained on a totally retinoid-deficient diet from Day 20 and given retinoic acid maintenance at 69 (-,-) or 77 ( ·-,-· -) days of age (arrows).
Cross-sections
General observations. A testicular cross-section from a control rat, showing portions of two tubules in stages VI and IX with normal spermatogonia and leptotene spermatocytes, respect¬ ively, is shown in Fig. 2(a) . All RD-RAM animals showed a severely regressed seminiferous epithelium ( Fig. 2b and c (Fig. 2d) . Similarly, mitotic waves of Intermediate spermatogonia dividing into spermatogonia were encountered, aiding in the identification of the Intermediate spermatogonia in the whole mounts. In regions of the seminiferous epithelium that did not contain Intermediate or spermato¬ gonia, groups of mitotic figures were regularly encountered; we believe that at least some of these correspond to groups of differentiating A spermatogonia dividing synchronously, as they do in control epithelium. Waves of divisions of these A spermatogonia, observed in control testes, were not so apparent in the deficient testes, probably because the density of the spermatogonia was severely reduced.
Along the length of the tubule the development of preleptotene spermatocytes into cells that resembled leptotene and zygotene spermatocytes could be followed. However, in control rats these cells were uniformly dark-staining, while in the deficient rats there seemed to be heterochromatic spots in the nuclei. Based on their position within the epithelium, it is likely that these abnormal leptotene and zygotene spermatocytes are the aberrant cells seen in tubule cross-sections (Fig. 2c) . Degenerating cells of variable size were also seen in a more luminal position than spermatogonia, as shown in Fig. 2(f) .
Cell counts. In tubular whole mounts of control animals, the density of Intermediate and spermatogonia in those stages where they are present, is remarkably constant (Huckins, 1978) . In the tubular whole mounts of RD-RAM testes, the density of the spermatogonia, when they were present, was variable, and thus, the boundaries of areas where they should have been present in high numbers could not be established.
Only A spermatogonia were counted and their numbers expressed relative to those of the Sertoli cells (Table 2) . No significant morphological differences between the spermatogonia in deficient and control rats were observed. Total numbers of A spermatogonia, given as a mean over the whole Fig. 2 . Tubule cross-sections embedded in plastic (a-c) (Fig. 2e) indicate mitoses of a chain of undifferentiated Aaligned spermatogonia.
Epithelium after retinol replacement Three rats were killed 36 days after the first injection of retinol. In these rats, 89 + 6% of all tubule cross-sections were in stages VI, VII or VIII of the cycle of the seminiferous epithelium. In control rats, 37% of tubule cross-sections were found in these stages. Only 2-6% of the tubule cross-sections in the synchronized rats were in stages X to II, while 43% of the tubule cross-sections in control rats are in these stages (van Beek & Meistrich, 1990 (van Beek & Meistrich, 1991) .
Discussion
Before the onset of weight loss due to retinol deficiency, rats develop a complete seminiferous epithelium (Mitranond et al, 1979) . Four RD-RAM rats, randomly selected from a group of nine rats, all showed severely regressed seminiferous epithelium, although the degree of regression was variable. Nevertheless, in all four rats all spermatogonial cell types were observed, and were (Haneji et al, 1984) . These studies also support the present observations that retinoic acid allows spermatogonial proliferation and development. Rooij, 1990) , even in the RD-RAM rats (van Beek & Meistrich, 1991) , suggests that an event peculiar to these stages is involved in the mechanism of synchronization. This could be the recruitment of undifferentiated spermatogonia to become A, spermatogonia. In these stages the preleptotene spermatocytes also undergo the final DNA-synthesis before entry into meiosis and pass through the Sertoli cell barrier. The presence and proliferation of A2-B spermatogonia, as observed in the RD-RAM testes, is not characteristic of stages VII-VIII. Initiation of stage synchrony must involve the establishment of the characteristics of the synchronized stages in most tubules, while eliminating possible signs of stages outside the stage-synchronized range. Huang et al. (1990) speculated that after retinol replacement, the proliferation of type A2-B spermatogonia in the RD-RAM testes might be suppressed, and Huang (1991) reported degeneration of A4, Intermediate and spermatogonia within 48 h of retinol replacement. Although retinol might act on different targets to produce proliferation of AaMgned spermatogonia, progression of meiosis, and degeneration of A2-B spermatogonia, a single target affecting these three endpoints could also be considered.
The only cell that interacts with different germ cells is the Sertoli cell. Gap junctions are observed between germ cells and Sertoli cells (Russell, 1980) , and recently, Mehta et al. (1989) 
